Introduction
============

Osteoporosis (OP) is the most common type of bone disorder ([@b1-etm-0-0-8278]). OP is a public health issue with gradually increasing incidence ([@b2-etm-0-0-8278]). In China, the incidence of OP was 14.94% in 2008, and reached 27.96% between 2012 and 2015 ([@b3-etm-0-0-8278],[@b4-etm-0-0-8278]). In Europe, \~27.5 million people were affected by OP in 2010 ([@b5-etm-0-0-8278]). As a bone disease, the main characteristics of OP include low bone density, easy bone damage, decreasing bone mass and increased risk of fracture ([@b6-etm-0-0-8278]). Hip fractures are frequently observed in patients with OP ([@b7-etm-0-0-8278]). Diagnosis of OP is very difficult until a fracture occurs ([@b8-etm-0-0-8278]). With an increasing number of elderly people in China, it is important to investigate methods for the prevention and treatment of osteoporosis. Elderly patients can suffer from motor dysfunction and impaired body functions, which can have adverse effects on mental health. Such mental health issues can lead to complications with the treatment and care of patients with OP. Therefore, elderly patients with OP require nursing interventions to aid their physical and mental health in order to promote quick recovery and improve their life quality ([@b9-etm-0-0-8278]). There is an urgent need to understand the pathogenesis and molecular mechanisms of OP to identify potential biomarkers and therapeutic targets.

MicroRNAs (miRNAs) are small non-coding regulatory RNAs (\~23 nucleotides in length) that play a crucial role in the post-transcriptional regulation of gene expression by suppressing target mRNA translation by binding to its 3′untranslated region (UTR) region ([@b10-etm-0-0-8278]--[@b12-etm-0-0-8278]). Therefore, miRNAs can regulate multiple mRNAs to create a complex regulatory network of signaling pathways including oncogene pathways and tumor suppressor pathways, such as the Wnt and PI3K pathways ([@b13-etm-0-0-8278]--[@b16-etm-0-0-8278]). Altering the expression of these miRNAs alters the function of their target genes, some of which regulate crucial cellular mechanisms such as growth, proliferation, migration, invasion and metastasis ([@b17-etm-0-0-8278]--[@b19-etm-0-0-8278]). Previous studies have reported that changes in circulating miRNAs are associated with osteoporotic fractures. Seeliger *et al* ([@b20-etm-0-0-8278]) reported that five miRNAs were upregulated both in serum and bone tissue of patients with OP. Long non-coding RNA maternally expressed 3 (MEG3) inhibited osteogenic differentiation by decreasing miR-133a-3p expression, and the expression of MEG3 was found to be upregulated in bone marrow stem cells in ovariectomized mice and in patients with OP ([@b21-etm-0-0-8278]). An increasing number of miRNAs have been shown to play an important role in osteoblastogenesis and osteoporosis ([@b22-etm-0-0-8278]--[@b24-etm-0-0-8278]). However, the function of miR-135b-5p in osteoporosis remains unclear.

Therefore, the aims of the present study were to determine the expression of miR-135b-5p in bone tissue fragments of patients with OP, to investigate the role of miR-135b-5p in osteogenic differentiation and osteoblast growth, and to examine the underlying mechanism of miR-135b-5p.

Materials and methods
=====================

### Cell culture and tissue samples

The mouse preosteoblast cell line MC3T3-E1 was purchased from American Type Culture Collection (cat. no. CRL-2594). The cells were cultured for 24 h in DMEM (Gibco; Thermo Fisher Scientific, Inc.) with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37°C in a humidified incubator with 5% CO~2~.

For osteogenic differentiation, MC3T3-E1 cells were cultured at 37°C in osteogenic induction medium ([@b25-etm-0-0-8278]) containing 10% FBS, 100 nM dexamethasone, 5 mM L-glycerophosphate and 50 mg/ml ascorbic acid (Sigma-Aldrich; Merck KGaA) for 14 days.

Bone fragments (bone tissues, 100 mg) were collected from 30 patients with OP \[female, 15; male, 15; age, 52--73 years; body mass index (BMI), 23.6±5.4 kg/m^2^; lumbar spine bone mineral density, 0.79±0.10 g/cm^2^; femoral neck bone mineral density, 0.62±0.10 g/cm^2^; total hip bone mineral density, 0.65±0.07 g/cm^2^\] and 30 patients with osteoarthritis (control; female, 15; male, 15; 51--72 years; BMI, 25.1±3.7 kg/m^2^; lumbar spine bone mineral density, 1.00±0.15 g/cm^2^; femoral neck bone mineral density, 0.85±0.13 g/cm^2^; total hip bone mineral density, 0.87±0.14 g/cm^2^) at the Third Affiliated Hospital of Sun Yat-sen University, between May 2015 and May 2017. Bone fragments extracted from the transcervical region of the femoral neck, were dissected into smaller fragments, washed three times in PBS and stored at −80°C until further use. The present study was approved by the Ethics Committee of the Third Affiliated Hospital of Sun Yat-sen University and every patient provided written informed consent.

### Cell transfection

MC3T3-E1 cells were seeded in 6-well plates at a density of 1×10^6^ cells/well and cultured at 37°C for 24 h. Then, 100 nM mimic control (5′-UAUAUCGUGUUAUUAGCGUUCCU-3′; Shanghai GenePharma Co., Ltd.), 100 nM miR-135b-5p mimic (5′-UAUGGCUUUUCAUUCCUAUGUGA-3′; Shanghai GenePharma Co., Ltd.), 2 µl runt-related transcription factor 2 (RUNX2)-plasmid (cat. no. sc-400183-ACT; Santa Cruz Biotechnology, Inc.), 2 µl control-plasmid (cat. no. sc-108083; Santa Cruz Biotechnology, Inc.) or 100 nM miR-135b-5p mimic + 2 µl RUNX2-plasmid were transfected into MC3T3-E1 cells using Lipofectamine^®^ 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) as per the manufacturer\'s protocol. Cells without any treatment were used the control group, and 48 h after cell transfection, transfection efficiency was detected using reverse transcription-quantitative PCR (RT-qPCR).

### Alkaline phosphatase assay

MC3T3-E1 cells were seeded in 96-well plates and then transfected with mimic control, miR-135b-5p mimic or miR-135b-5p mimic+RUNX2-plasmid for 48 h. Then, the ALP assay kit (cat. no. P0321; Beyotime Institute of Biotechnology) was used to determine the extracellular ALP activity in MC3T3-E1 cells following the manufacturer\'s protocol.

### RT-qPCR

Total RNA was extracted with the TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) from tissue samples or cells according to the manufacturer\'s instructions. Then, complementary DNA was synthesized from total RNA by using the TaqMan MicroRNA Reverse Transcription kit (Invitrogen; Thermo Fisher Scientific, Inc.). The temperature protocol for the reverse transcription reaction consisted of primer annealing at 25°C for 5 min, cDNA synthesis at 42°C for 60 min and termination at 80°C for 2 min. RT-qPCR assay was performed using SYBR Premix Ex TaqTM II (TliRNaseH Plus) kit (cat. no. RR820a; Takara Bio, Inc.). The reaction volume was 20 µl. The thermocycling conditions were as follows: Initial denaturation at 94°C for 30 sec; 40 cycles of denaturation at 94°C for 5 sec, annealing at 60°C for 20 sec; and a final extension at 72°C for 30 sec. GAPDH or U6 were used as an internal reference. Primer sequences were as following: U6 forward, 5′-GCTTCGGCAGCACATATACTAAAAT-3′ and reverse, 5′-CGCTTCACGAATTTGCGTGTCAT-3′; GAPDH forward, 5′-CTTTGGTATCGTGGAAGGACTC-3′ and reverse, 5′-GTAGAGGCAGGGATGATGTTCT-3′; miR-135b-5p forward, 5′-GGTATGGCTTTTCATTCCT-3′ and reverse, 5′-CAGTGCGTGTCGTGGAGT3′; RUNX2 forward, 5′-GATGATGACACTGCCACCTCT-3′ and reverse, 5′-AGGGCCCAGTTCTGAAGC-3′; ALP forward, 5′-CCGAATTCATGTTGGCCTGTTCAACT-3′ and reverse, 5′-ATGTCGACTTAGTTATTTTCATAATACCAAATTCC-3′; OC forward, 5′-CAGACCTAGCAGACACCATGA-3′ and reverse, 5′-CTGCCAGAGTTTGGCTTTAGG-3′; Osterix forward, 5′-AGAGATCTGAGCTGGGTAG-3′ and reverse, 5′-AAGAGAGCCTGGCAAGAGG-3′. The relative expression levels of the genes were analyzed using 2^−ΔΔCq^ method ([@b26-etm-0-0-8278]). All experiments were performed in triplicate.

### Western blot assay

The proteins were extracted from cells or tissues samples using RIPA lysis buffer (cat. no. P0013E; Beyotime Institute of Biotechnology). The protein concentration was detected using the bicinchoninic acid assay kit (cat. no. BCA1-1KT; Sigma-Aldrich; Merck KGaA). Equal amount of proteins (30 µg per lane) was separated by 12% SDS-PAGE for 40 min. The protein was transferred to a PVDF membrane (EMD Millipore). The membrane was blocked with 5% skimmed milk for 1 h at room temperature. The membrane was washed three times with 1X PBS-0.1% Tween-20 (PBST). The membranes were then incubated with primary antibodies: Runx2 (1:1,000; cat. no. 12556; Cell Signaling Technology, Inc.), ALP (1:1,000; cat. no. sc-365765; Santa Cruz Biotechnology, Inc.), OC (1:1,000; cat. no. ab93876; Abcam), Osterix (1:1,000; cat. no. sc-393060; Santa Cruz Biotechnology, Inc.), and β-actin (1:1,000; cat. no. 4970; Cell Signaling Technology, Inc.) overnight at 4°C. Subsequently, the protein was incubated with a horseradish peroxidase-conjugated anti-rabbit immunoglobulin G secondary antibody (1:1,000; cat. no. 7074; Cell Signaling Technology, Inc.) overnight at 4°C. Finally, protein blots were visualized and analyzed using a chemiluminescence system (Beyotime Institute of Biotechnology). β-actin was used as an internal control.

### MTT assay

Cell viability was evaluated using an MTT assay. For the MTT detection, MC3T3-E1 cells were seeded in 96-well plates and then transfected with mimic control, miR-135b-5p mimic or miR-135b-5p mimic+RUNX2-plasmid for 48 h. Subsequently, 20 µl MTT (5 mg/ml; Sigma-Aldrich; Merck KGaA) was added into each well and cultured at 37°C for 4 h. To assess cell viability, absorbance was measured at 490 nm using a microplate spectrophotometer (Bio-Rad Laboratories, Inc.).

### Flow cytometry analysis

Cells were centrifuged (500 × g, 5 min, 4°C), and re-suspended in 100 µl of FITC-binding buffer. Then, \~5 µl of ready-to-use Annexin V-FITC and 5 µl propidium iodide (PI) (cat. no. 70-AP101-100; MultiSciences Biotech Co., Ltd.) were added to the mixture. Cells were incubated for 30 min in the dark at room temperature. Annexin V-FITC and PI fluorescence were analyzed using a BD FACSCalibur flow cytometer (Becton, Dickinson and Company), Apoptosis in cultured MC3T3-E1 cells was determined by flow cytometry according to the manufacturer\'s instructions. Data were analyzed by Cell Quest software (version 5.1; BD Biosciences).

### Luciferase reporter gene assay

TargetScan 7.2 (<http://www.targetscan.org/vert_72/>) was used to predict the potential targets of miR-135b-5p, and the binding sites between RUNX2 and miR-135b-5p were observed. To confirm the binding sites between RUNX2 and miR-135b-5p, luciferase reporter gene assays were performed. Luciferase reporter plasmids (psi-CHECK2) containing the wild-type 3′UTRs of RUNX2 (WT-RUNX2), as well as mutant 3′UTRs of RUNX2 (MUT-RUNX2) were manufactured by TsingKe Biotech Co., Ltd. Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific, Inc.) was used to cotransfect MC3T3-E1 cells with the wild-type or mutant 3′UTR luciferase reporter plasmids, and the miR-135b-5p mimic or mimic control respectively. Cells were harvested after transfection for 48 h, and the luciferase activities were measured using the Dual-Luciferase^®^ Reporter Assay Kit (Promega Corporation) following the manufacturer\'s instructions. Firefly luciferase activity was normalized to *Renilla* luciferase activity.

### Statistical analysis

Data are presented as mean ± SD. SPSS 22.0 software (IBM Corp.) was used for statistical analysis. Differences between groups were determined using a one-way ANOVA with Tukey\'s post hoc test or Student\'s t-test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of miR-135b-5p in bone tissue fragments of patients with OP

The present study used RT-qPCR to investigate the expression level of miR-135b-5p in bone tissue fragments from 30 patients with OP and 30 patients with osteoarthritis (control group). The present results showed that compared with the control group, the expression level of miR-135b-5p was significantly increased in bone tissue fragments of patients with OP ([Fig. 1](#f1-etm-0-0-8278){ref-type="fig"}).

### Expression of miR-135b-5p during osteogenic differentiation

To determine whether osteogenesis could be induced in MC3T3-E1 cells, RT-qPCR and western blot assay were performed to detect the mRNA and protein expression levels of osteogenic markers such as OC, Osterix and ALP. A specific kit was used to examine the activity of ALP. RT-qPCR results showed that mRNA expression levels of OC, Osterix and ALP in MC3T3-E1 cells were significantly increased the 7 and 14th day after induction, compared with the control group ([Fig. 2A-C](#f2-etm-0-0-8278){ref-type="fig"}). Protein expression levels of OC, Osterix and ALP in MC3T3-E1 cells were also increased on the 7 and 14th day after induction, compared with the control group ([Fig. 2D](#f2-etm-0-0-8278){ref-type="fig"}). The ALP assay indicated that ALP activity was significantly increased ([Fig. 2E](#f2-etm-0-0-8278){ref-type="fig"}). To investigate the role of miR-135b-5p in osteogenic differentiation, the present study examined the expression of miR-135b-5p by RT-qPCR. The present results indicated that, compared with the control group, the expression level of miR-135b-5p was significantly decreased in in MC3T3-E1 cells on days 7 and 14 after induction ([Fig. 2F](#f2-etm-0-0-8278){ref-type="fig"}). The present results suggested that miR-135b-5p may be involved in the development and progression of OP by affecting osteogenic differentiation.

### RUNX2 is a direct target of miR-135b-5p

To reveal the molecular mechanism of the role of miR-135-5p in OP, TargetScan was used to predict potential targets of miR-135b-5p, and RUNX2 was identified as a potential target of miR-135b-5p ([Fig. 3A](#f3-etm-0-0-8278){ref-type="fig"}). To further examine the bioinformatic prediction, a dual-luciferase reporter assay was performed to detect the relationship between RUNX2 and miR-135b-5p. The present results showed that miR-135b-5p mimic significantly suppressed luciferase activity when MC3T3-E1 cells were cotransfected with a reporter plasmid containing the WT 3′-UTR and miR-135b-5p mimic ([Fig. 3B](#f3-etm-0-0-8278){ref-type="fig"}). However, the luciferase activity of the MUT 3′-UTR did not change. RT-qPCR was used to detect the expression of RUNX2, and the results showed that the expression of RUNX2 was significantly increased in MC3T3-E1 cells 7 and 14 days after induction compared with the control group ([Fig. 3C](#f3-etm-0-0-8278){ref-type="fig"}).

### Role of miR-135b-5p in osteogenic differentiation

To investigate the role of miR-135b-5p in osteogenic differentiation, MC3T3-E1 cells were transfected with mimic control, miR-135b-5p mimic, RUNX2-plasmid, control-plasmid or miR-135b-5p mimic+RUNX2-plasmid for 48 h. RT-qPCR assay and western blot assay were performed to detect transfection efficiency. The miR-135b-5p mimic significantly increased the expression level of miR-135b-5p in MC3T3-E1 cells compared with the control group ([Fig. 4A](#f4-etm-0-0-8278){ref-type="fig"}). RUNX2-plasmid significantly increased the expression level of RUNX2 in MC3T3-E1 cells ([Fig. 4B and C](#f4-etm-0-0-8278){ref-type="fig"}). The miR-135b-5p mimic significantly reduced the expression level of RUNX2 in MC3T3-E1 cells, which was reversed by RUNX2 overexpression, compared with the control group ([Fig. 4D and E](#f4-etm-0-0-8278){ref-type="fig"}). Osteogenic differentiation was induced in MC3T3-E1 cells after transfection. The levels of mRNA and protein expression of the osteogenic markers OC, Osterix and ALP were detected by RT-qPCR and western blot assay. In addition, levels of ALP activity were analyzed using a commercially available kit. RT-qPCR assay and western blot assay results showed that compared with the control group, the mRNA and protein expression levels of OC, Osterix and ALP in the induction group were markedly increased ([Fig. 5A-D](#f5-etm-0-0-8278){ref-type="fig"}), and ALP activity was significantly increased ([Fig. 5E](#f5-etm-0-0-8278){ref-type="fig"}). Compared with the induction group, miR-135b-5p mimic significantly reduced the mRNA and protein expression levels of OC, Osterix and ALP, and decreased ALP activity; these reductions were significantly reversed by RUNX2 overexpression. The present results suggested that miR-135b-5p may be involved in the development and progression of OP by affecting osteogenic differentiation.

### Effect of miR-135b-5p on cell viability and apoptosis of MC3T3-E1 cells

The present study investigated whether miR-135-5p had an effect on the viability and apoptosis of MC3T3-E1 cells. MC3T3-E1 cells were transfected with mimic control, miR-135b-5p mimic or miR-135b-5p mimic+RUNX2-plasmid for 48 h. Then, cell viability was detected by MTT. In addition, cell apoptosis was measured by flow cytometry. The present results showed that compared with the control group, miR-135b-5p mimic significantly reduced cell viability of MC3T3-E1 cells and induced cell apoptosis. These effects, however, were significantly reversed by RUNX2 overexpression ([Fig. 6](#f6-etm-0-0-8278){ref-type="fig"}).

Discussion
==========

The present study investigated the expression of miR-135b-5p in the bone tissues of patients with OP and explored its mechanism of action. The present results suggested that miR-135b-5p was highly expressed in the bone tissues of patients with OP compared with patients with osteoarthritis. Osteoblasts are responsible for the formation and mineralization of the skeleton ([@b27-etm-0-0-8278]), and play important roles in OP; therefore, research on osteoblasts has become an important topic for OP in *in vitro* research ([@b28-etm-0-0-8278],[@b29-etm-0-0-8278]). The present study focused on the effects of miR-135b-5p on osteogenic differentiation and osteoblast proliferation. Therefore, the mouse pre-osteoblast cell line MC3T3-E1, which is widely used in osteogenic differentiation investigation ([@b30-etm-0-0-8278]--[@b32-etm-0-0-8278]), was selected for this study. Osteogenic differentiation was induced in MC3T3-E1 cells. The present results showed that on 7 and 14th day after induction, the mRNA expression levels of OC, Osterix and ALP were significantly increased. Protein expression levels of OC, Osterix and ALP were also increased in MC3T3-E1 cells 7 and 14 days after osteogenic differentiation induction. ALP activity was increased and the expression of miR-135b-5p was significantly decreased in MC3T3-E1 cells on 7 and 14th day after osteogenic induction. Therefore, the present results suggested that miR-135b-5p may be involved in the occurrence and development of osteoporosis by affecting osteogenic differentiation. In addition, bioinformatics analysis predicted that RUNX2 was a potential target of miR-135b-5p. Luciferase reporter gene assay was performed to investigate this interaction. The present results suggested that the expression level of RUNX2 was increased in MC3T3-E1 cells on 7 and 14th day after osteogenic differentiation induction. The present results indicated that miR-135b-5p mimic significantly reduced cell viability and induced cell apoptosis, and that these effects were significantly reversed by RUNX2-plasmid.

OP is a common and complex disease that has a higher rate of incidence in the aged population ([@b33-etm-0-0-8278],[@b34-etm-0-0-8278]). OP is a multifactorial bone disease with microstructural deterioration and impaired bone strength, making bones susceptible to fragility and fracture ([@b35-etm-0-0-8278]). OP is the most frequent geriatric disease, especially in postmenopausal women ([@b36-etm-0-0-8278]). OP occurs due to an imbalance between osteoclastic bone resorption and osteoblastic bone formation ([@b37-etm-0-0-8278]). Restoring and maintaining the balance between bone formation and bone resorption is an effective way to treat OP ([@b38-etm-0-0-8278],[@b39-etm-0-0-8278]). Physical exercise is an important stimulus for prevention and treatment of osteoporosis ([@b40-etm-0-0-8278],[@b41-etm-0-0-8278]). Due to the high prevalence and severity of OP, it is important to understand its pathogenicity and molecular mechanisms for drug development and treatment.

Previous studies have reported that miRNAs play an important role in regulating osteoblast differentiation and bone formation ([@b42-etm-0-0-8278],[@b43-etm-0-0-8278]). miR-135b-5p is a specific miRNA that has been well studied in cancer and has been identified as an oncogene or tumor suppressor ([@b44-etm-0-0-8278],[@b45-etm-0-0-8278]). Li *et al* ([@b44-etm-0-0-8278]) showed that the expression of miR-135b-5p was downregulated in human osteoblastoma tissues. miR-135b-5p inhibited lipopolysaccharide-induced tumor necrosis factor-α secretion by suppressing reactive oxygen species production and NF-κB activation ([@b46-etm-0-0-8278]). miR-135b-5p was previously found to be highly expressed in pancreatic cancer ([@b45-etm-0-0-8278]). However, to the best of our knowledge, there is little research on the effect and mechanism of miR-135b-5p in OP. The present results suggested that the expression level of miR-135b-5p was upregulated in bone tissue fragments of patients with OP. However, the present study did not analyzed the correlation of miR-135b-5p expression and the characteristics of patients with OP (age, sex, BMI and Bone Mineral Density). This is limitation of the present study, and will need to be investigated in future studies.

To further examine the specific mechanism in which miR-135b-5p may regulate MC3T3-E1 cells, the bioinformatics software TargetScan was used to predict the target gene of miR-135b-5p. Dual luciferase reporter gene assay results indicated that RUNX2 was a direct target of miR-135b-5p. A previous study indicated that miR-135b inhibited osteoblastoma cells by mediating the expression of protein phosphatase Mg2+/Mn2+ dependent 1E ([@b47-etm-0-0-8278]). RUNX2 is a key regulator of bone osteogenic differentiation ([@b48-etm-0-0-8278]--[@b50-etm-0-0-8278]). RUNX2 promotes bone formation and inhibits bone resorption by regulating specific extracellular matrix protein expression levels and the cell cycle of osteoblasts ([@b50-etm-0-0-8278]). Previous studies have reported that miR-338-3p can suppress tumor cell proliferation and metastasis in osteosarcoma cells by targeting RUNX2 ([@b51-etm-0-0-8278]). Li *et al* ([@b52-etm-0-0-8278]) demonstrated that miR-129-1-3p regulated circulating stretch-induced differentiation of endothelial progenitor cells by targeting RUNX2. The present results suggested that osteogenic differentiation inhibition caused by miR-135b-5p was suppressed by RUNX2 overexpression. In addition, the present results suggested that miR-135b-5p mimic significantly reduced cell viability and induced cell apoptosis in MC3T3-E1 cells, and that all these effects were significantly reversed by RUNX2 overexpression.

In conclusion, the present results suggested that miR-135-5p may be involved in the occurrence and development of OP via the inhibition of osteogenic differentiation and osteoblast proliferation by targeting RUNX2. However, the present study was a preliminary study of the role of miR-135b-5p in OP. Therefore, further research is required to understand the role of miR-135b-5p, such as the analysis of the relationship between miR-135b-5p expression and the characteristics of patients with OP. The mechanism of miR-135b-5p in human osteoblast should also be investigated. In addition, *in vivo* studies should be performed, and will be addressed in future experiments.
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![miR-135b-5p is upregulated in bone tissue fragments of patients with osteoporosis. Reverse transcription-quantitative PCR was used to detect the relative mRNA expression levels of miR-135b-5p in bone tissue fragments from 30 patients with osteoarthritis (control) and 30 patients with osteoporosis. \*\*P\<0.01 vs. the control group. miR-135b-5p, microRNA-135b-5p.](etm-19-02-1042-g00){#f1-etm-0-0-8278}

![Expression of miR-135b-5p is gradually decreased with the prolongation of osteogenic differentiation induction time. (A) RT-qPCR analysis of OC expression level on 0, 7 and 14 days after osteogenic differentiation induction of MC3T3-E1 cells. (B) RT-qPCR analysis of Osterix expression level on 0, 7 and 14 days after induction of MC3T3-E1 cells. (C) RT-qPCR analysis of ALP on 0, 7 and 14 days after induction of MC3T3-E1 cells. (D) Western blot analysis of OC, Osterix and ALP protein expression levels on 0, 7 and 14 days after induction of MC3T3-E1 cells. (E) ALP assay was used to detect ALP activity on 0, 7 and 14 days after induction of MC3T3-E1 cells. (F) RT-qPCR analysis of miR-135b-5p on 0, 7 and 14 days after induction of MC3T3-E1 cells. \*P\<0.05, \*\*P\<0.01 vs. 0 day. miR-135b-5p, microRNA-135b-5p; RT-qPCR, reverse transcription-quantitative PCR; OC, osteocalcin; ALP, alkaline phosphatase.](etm-19-02-1042-g01){#f2-etm-0-0-8278}

![RUNX2 is a direct target gene of miR-135b-5p. (A) TargetScan was used to predict miR-135b-5p binding sites in the 3′UTR of RUNX2. (B) Luciferase reporter gene assay was used to identify the binding sites between miR-135b-5p and RUNX2. Firefly luciferase activity was normalized to *Renilla* luciferase activity. (C) Reverse transcription-quantitative PCR assay measured the relative mRNA expression of RUNX2 on 0, 7 and 14 days after induction of MC3T3-E1 cells. \*\*P\<0.01 vs. mimic control. ^\#^P\<0.05, ^\#\#^P\<0.01 vs. 0 day. miR-135b-5p, microRNA-135b-5p; RUNX2, runt-related transcription factor 2; WT, wild-type; MUT, mutant; 3′UTR, 3′untranslated region.](etm-19-02-1042-g02){#f3-etm-0-0-8278}

![miR-135b-5p negatively regulates RUNX2 expression level in MC3T3-E1 cells. (A) RT-qPCR detected the relative expression level of miR-135b-5p in MC3T3-E1 cells transfected with mimic control or miR-135b-5p mimic for 48 h. (B) RT-qPCR assay and (C) western blotting identified the relative mRNA expression level and protein expression level of RUNX2 in MC3T3-E1 cells transfected with control-plasmid or RUNX2 plasmid for 48 h. (D) RT-qPCR and (E) western blotting results of the relative mRNA expression level and protein expression level of RUNX2 in MC3T3-E1 cells transfected with mimic control, miR-135b-5p mimic or miR-135b-5p mimic + RUNX2-plasmid. \*\*P\<0.01 vs. control group. ^\#\#^P\<0.01 vs. mimic. miR-135b-5p, microRNA-135b-5p; RT-qPCR, reverse transcription-quantitative PCR; RUNX2, runt-related transcription factor 2.](etm-19-02-1042-g03){#f4-etm-0-0-8278}

![Role of miR-135b-5p in osteogenic differentiation. (A) Western blot assay results of the protein expression level of ALP, OC and Osterix. Reverse transcription-quantitative PCR detected the mRNA expression levels of (B) ALP, (C) OC and (D) Osterix. (E) ALP assay was used to measure ALP activity. Control, MC3T3-E1 cells without any treatment. Induction, MC3T3-E1 cells subjected to osteogenic differentiation induction. Mimic control, MC3T3-E1 cells were transfected with mimic control for 48 h, then subjected to osteogenic differentiation induction. Mimic, MC3T3-E1 cells were transfected with miR-135b-5p mimic for 48 h, then subjected to osteogenic differentiation induction. Mimic + plasmid, MC3T3-E1 cells were transfected with miR-135b-5p mimic + RUNX2-plasmid for 48 h, then subjected to osteogenic differentiation induction. \*\*P\<0.01 vs. control group. ^\#\#^P\<0.01 vs. induction group. ^&&^P\<0.01 vs. mimic group. miR-135b-5p, microRNA-135b-5p; OC, osteocalcin; ALP, alkaline phosphatase; RUNX2, runt-related transcription factor 2.](etm-19-02-1042-g04){#f5-etm-0-0-8278}

![miR-135b-5p mimic suppresses MC3T3-E1 cell viability and induces apoptosis. (A) MTT assay was performed to detect cell viability in MC3T3-E1 cells transfected with mimic control, miR-135b-5p mimic or miR-135b-5p mimic + RUNX2-plasmid. (B) Flow cytometry was used to detect cell apoptosis and (C) the results were quantified. \*\*P\<0.01 vs. control group. ^\#\#^P\<0.01 vs. mimic group. miR-135b-5p, microRNA-135b-5p; PI, propidium iodide.](etm-19-02-1042-g05){#f6-etm-0-0-8278}
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